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Abstract—In this paper, we present flicker noise 
measurements of two X-band direct conversion mixers 
implemented in a SiGe:C BiCMOS technology. Both mixers use a 
ring structure with either Schottky diodes or diode-connected 
HBTs for double balanced operation. The mixers are packaged in 
a metal casing on an Arlon 25N substrate to shield the sensitive 
noise measurement. Conversion loss measurements of both 
mixers is performed both for on-wafer and packaged versions. 
The experimental results shows that the Schottky diode mixer 
exhibits a 1/f noise corner frequency of 250 kHz, while the diode 
connected HBT circuit demonstrates a 1/f noise corner frequency 
around 10 kHz.  
Index Terms — Mixer, flicker (1/f) noise, MMIC, Schottky 
diode, diode connected HBT. 
I.  INTRODUCTION 
Every microwave receiver circuit needs some sort of 
frequency conversion circuit. Direct conversion has the benefit 
of giving the modulated signal directly at baseband without 
the need for complex image rejection structures [1]. For 
Doppler radars, direct conversion is beneficial as it gives the 
Doppler shift and thus the speed measurement directly from 
the received frequency. The key element in a direct conversion 
receiver is the mixer. The direct conversion mixer has some 
drawbacks, which comes from the fact that the incoming radio 
frequency (RF) and local oscillator (LO) frequency is very 
close. Isolation between LO and RF ports cannot easily be 
enhanced by using filters so the mixer architecture must have 
an inherent isolation between these ports. Another drawback is 
that, due to the low 'intermediate frequency' (IF), it has an 
increased noise level due to low frequency noise. The low 
frequency noise is also called flicker noise and is caused by 
generation-recombination processes in the solid-state mixing 
devices. 
 Passive mixers are recognized for their excellent low 
frequency noise performance. The low frequency noise is 
influenced by the LO pump signal in a non-linear manner [2] 
and is generally believed to be present in passive mixers only 
if an non-zero net average current flows through the mixing 
core. In double balanced mixers, flicker noise is believed to be 
caused by unavoidable asymmetries in the diode ring and 
balun structures. By employing an LO leakage cancelation 
scheme to the direct conversion mixer, flicker noise can be 
significantly improved as previously demonstrated by the 
authors [3]. 
 In general, Schottky diodes is preferred for implementing  
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b) Microphotograph of Schottky mixer, size 2050 × 1000 µm2 
Fig. 1. Microphotograph of the two manufactured chips. 
 
passive mixers because they are majority carrier devices and 
hence leads to lower conversion loss at higher frequencies 
than mixers built using pn-junction diodes [4]. Schottky 
diodes, however, are not standard elements in high 
performance Silicon technologies. Structures with low reverse 
leakage current have been proposed in a SiGe:C BiCMOS 
technology [5], but little information is generally available 
about their noise performance at low frequencies. In this 
paper, we will experimentally investigate the difference in low 
noise performance between two X-band double balanced 
direct conversion mixers implemented in SiGe:C BiCMOS 
technology. One using Schottky diodes, the other using diode 
connected HBTs.  
II. DOUBLED BALANCED MIXER DESIGN 
The double balanced mixers employs lumped element spiral 
type Marchand baluns on the RF and LO ports due to the good 
balance achievable over a large bandwidth with this structure. 
The devices in the diodering are sized to allow easy matching 
to the Balun structures by placing additional series inductors. 
978-1-4673-6496-6/15/$31.00 ©2015 IEEE
A thorough description of the mixer circuit using diode 
connected HBTs is given in [6]. The Schottky diode mixer 
circuit is similar, but uses a ring of Schottky diodes as the 
mixer core. A microphotograph of the two manufactured chips 
is shown in figure 1. Due to the sensitive nature of the flicker 
noise measurements it is not possible to perform these on-
wafer. Shielding the mixer from a noisy environment is much 
easier when packaged in a small metal case. For this purpose 
the mixer chips is mounted on a Arlon 25N substrate with 
cobber lines covered with soft gold to allow for ball bonding 
using gold wires. A packaged mixer is shown in figure 2. 
Apart from the LO, RF and IF ports also a bulk bias 
connection to the Silicon substrate is made. This is grounded 
for the measurements presented here circuits.  
 
 
Fig. 2. Packaged mixer chip. 
III. EXPERIMENTAL RESULTS 
In this section the measurement setup will be described. 
This will be followed by a presentation and discussion of the 
results of the measurements of flicker noise.  
A. Measurement Setup 
The conversion loss is measured, at first, on a bare die using 
a probe station and then again after packaging. For the on-
wafer measurements, calibration is performed to a reference 
plane at the tip of the probe, ie. at the contacts of the chip. For 
the packaged version, calibration is done to a reference plane 
at the SMA-connectors. The noise measurement is carried out 
using a spectrum analyzer together with a calibrated noise 
source to measure the Y-factor [4]. Two different custom 
made cavity resonance oscillators with a Q above 10 000 are 
used as LO sources. These deliver an output power around 
13dBm at 9.1 GHz and 10.4 GHz, respectively. The noise 
source is an Anritsu Noise diode with excess noise ratio of 
14.3 dB. The IF amplifier is similar to the ones used in 
commercial Doppler radars manufactured by Weibel Scientific 
and has a gain of 80 dB. The measurement setup is shown in 
figure 3. As the present investigation is concerned with the 
comparison between the two mixer circuits, there has not been 
done extensive measurements to determine the noise-
contributions from the oscillator and IF-amplifier, although 
quality components has been used to minimize the effect.  
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Fig. 3. Measurement setup for noise characterization. 
 
Fig. 4. Measurement of diode-connected HBT mixer conversion 
gain versus frequency, for probe measured die and packaged die.  
B. Measurements Results and Discussion 
In this subsection, the measurements results are discussed. 
The conversion loss as a function of RF frequency for the 
diode connected HBT mixer is shown in figure 4 both for the 
probed and packaged version. The conversion loss is lowest at 
8.5 GHz where it is 9.8 dB for the probed and 11.2 dB for the 
packaged version. Around 9 GHz where the noise is measured 
the conversion loss is 10 dB for the probed and 11.7 dB for the 
packaged version. For the Schottky diode mixer the 
conversion loss is plotted as a function of frequency in figure 
5. The conversion loss is lowest at 11 GHz where it is 8.8 dB 
for the probed and 11.2 dB for the packaged version. At 10.4 
GHz where the noise is measured the conversion loss is 9.3 dB 
for the probed and 11.4 dB for the packaged version. The 
additional loss of roughly ~1.5 dB, which was observed for 
both mixers, is seen across the entire bandwidth, and is what 
could be expected from the bonding wires, microstrip lines 
and SMA to microstrip connections. Apart from additional 
loss, the bandwidth is also reduced by the added inductance on 
the input terminals. 
 
Fig. 5. Measurement of Schottky mixer conversion gain versus 
frequency, for probe measured die and packaged die.  
      The noise figure of the Schottky diode mixer is plotted in 
figure 6, for IF frequencies from 50 kHz to 1 MHz , with a LO 
frequency of 10.4 GHz. At higher frequencies the noise figure 
is 9.0 dB and rises as 1/f with a corner around 250 kHz, with a 
noise figure around 22 dB at 50 kHz. In comparison, the 
diode-connected HBT mixer demonstrates a noise figure of 
8.5 dB with a LO frequency of 9.1 GHz. Both mixers operate 
with a 3-dB bandwidth covering the entire X-band, but the 
Schottky diode mixer operates best around 10 GHz and the 
diode-connected HBT mixer around 8.5 GHz. To give a 
realistic view of the diode-connected HBT mixer, the noise 
figure with a LO frequency of 9.1 GHz is plotted in figure 7 
on a logartihmic scale from 1-100 KHz. Here it is seen that the 
diode-connected HBT mixer also have a 1/f tendency, but with 
a corner frequency as low as 10 kHz. Now it is clearly 
demonstrated that the HBT-connected diodes perform much 
better than the Schottky diodes in terms of low frequency 
noise performance. The higher low frequency noise in the 
Schottky diode mixer is believed to be caused by poor quality 
of the Schottky barrier and effect of leakage current.  
IV. CONCLUSION 
We have presented measurement of low-frequency noise of 
two mixers in SiGe:C BiCMOS technology, one utilizing 
Schottky diodes the other diode connected HBTs. To perform 
the measurements the mixers has been mounted on an Arlon 
25N substrate, gold ball bonded to soft gold transmission 
lines, and enclosed in a metal casing, thus shielding them from 
external noise sources. The noise measurements are performed 
using the Y-factor method. The experimental results showed 
that the Schottky diode mixer exhibits a higher 1/f noise with 
a corner frequency around 250 kHz, while the diode connected 
HBT circuit has a 1/f noise corner frequency around ~10 kHz. 
 
Fig. 6. Measurement of Schottky mixer noise figure as a function 
of IF frequency.  
 
Fig. 7. Measurement of HBT mixer noise figure as a function of IF 
frequency.  
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